The electrophysiology of conduction delay was investigated in the semiisolated right bundle branch of 30 large mongrel dogs. Delay was produced by the external application of an electric blocking current to the bundle branch. Multiple recordings with glass capillary microelectrodes revealed two basic deflections associated with the delay phenomenon. An initial, or leading, deflection originated from the proximal or leading edge of the block and was rapidly transmitted through the block with progressive decay of voltage and rise velocity. A second, or trailing, deflection originated from the regenerative response at the distal or trailing edge of the block and was rapidly transmitted retrograde into the block, with progressive decay of voltage and rise velocity. The transmitted potentials appeared to be electrotonic in nature.
• Microelectrode studies of delayed conduction in the heart have been largely confined to the atrioventricular node. Delay sufficiently stable to allow detailed investigation is difficult to produce experimentally in the lower ventricular conduction system. This paper describes the transmembrane action potential associated with delayed conduction produced by an external electric blocking current in the canine right bundle branch. A hypothesis of the mechanism of delay is presented.
Method
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Accepted for publication October 10, 1968. isolated right bundle branch of 30 large mongrel dogs. Under pentobarbital anesthesia (30 mg/kg iv), the heart was rapidly removed. The right bundle branch and a small amount of ventricular muscle was excised and pinned in a plastic perfusion chamber through which oxygenated Tyrode's solution was constantly recirculated at 37°C. The volume of the chamber was 500 ml with a total circulating volume of 1 liter.
Small bipolar stimulating electrodes were placed at the proximal and distal ends of the bundle branch so that pacing could be accomplished in either a forward or retrograde direction. The preparation was stimulated at a rate of 2/sec with an 8-v square wave of 1 msec delivered by a dual-channel Grass stimulator.
Proximal and distal electrograms were obtained with small unipolar electrodes. The signals were amplified with Grass capacitancecoupled preamplifiers and superimposed upon a single recording channel.
An external blocking current was obtained from the discharge of a 280-v dry-cell battery through high electrical resistance, which included a control rheostat in series connection. The current and voltage were monitored by sensitive beneath the mid portion of the bundle branch. This electrode was connected to the negative pole of the battery.
A preparation with applied electrodes is shown in Figure 1 (top) .
Transmembrane action potentials were obtained with glass capillary microelectrodes filled with 3 M KC1 by boiling under vacuum. Microelectrodes with a resistance of 15 to 30 megohms were used. Electrometers with neutralized input capacity (Bioelectric Instruments, Inc.) served as the first-stage amplifiers. The metal-liquid junction of both the recording and indifferent electrodes was made with Ag-AgCl and 3 M KC1. A square-wave voltage calibrator was placed between the solution and ground. Time marks were supplied by a Tektronix time-mark generator and superimposed upon the signal or displayed on a separate channel. The signals were photographed from either a 502 or 565 Tektronix oscilloscope.
All manipulations were performed under a dissecting microscope with 12.5X magnification.
Results

THE BLOCKING CURRENT
The conduction delay could be varied from several milliseconds to complete block by changing the intensity of the current. A current strength of 1 to 3 ma usually produced the desired delay.
Two zones of block were produced with the electrode arrangement used. The delay occurred in proximal and distal depolarized zones which were separated by a localized area of hyperpolarization directly under the positive electrodes. The transmembrane action potentials in this area showed increased speed of repolarization and, with sufficient blocking current, _increased voltage of the action potential. These zones are shown diagrammatically in Figure 1 (bottom). The proximal zone will be referred to as block A and the distal zone as block B. Each of these zones of block existed as a complete physiologic unit and measured 2.5 to 4.5 mm long.
The conduction delay was produced by the more distant negative depolarizing electrode. Reversing the polarity of the electrodes caused a reversal of the electrical effects.
Injury tended to develop under the positive electrodes with prolonged exposure to the blocking current, especially when large in-Circulaiion Research, Volume XX11I, December 1968 crements of delay were required. The current was applied only during the actual recording in order to minimize permanent injury. The magnitude of delay became unstable with Top: Diagram of recording method used in the first series of experiments. The microelectrode recordings were made at 0.5-mm intervals in a proximal-todistal direction through the areas of block. A, proximal area of block; B, distal area of block; E, positive blocking electrodes. Bottom: Schematicrepresentation of the waveforms associated with conduction delay. LE, leading edge of the block; TE, trailing edge of the block; LD, leading deflection; TD, trailing deflection; t 0 , time of activation without block; t b , time of activation with conduction delay. The initial waveform component of the intracellular microelectrode recording was called the leading deflection and is derived from the leading edge of the block. The second component was called the trailing deflection and is derived from the trailing edge of the block. The leading deflection exhibited a progressive decrease in voltage and rise velocity, and the trailing deflection exhibited a progressive increase m voltage and rise velocity as the block is traversed from the leading edge to the trailing edge.
prolonged application of the current; however, a desired delay could usually be repeated many times for the short periods which were required for actual recording of the sequences in these experiments. Instability of the block often increased after several hours of perfusion.
THE GENERAL WAVEFORM OF THE INTRACELLULAR MICROELECTRODE RECORDING ASSOCIATED WITH PARTIAL BLOCK
The transmembrane action potential asso-ciated with delayed conduction was studied by serial microelectrode recordings within the blocked region at 0.5-mm intervals. The recordings were made in a proximal-to-distal longitudinal direction in the midline of the bundle branch. The recording positions are illustrated diagrammatically in Figure 2 (top). A control transmembrane action potential was recorded at each position first with forward conduction (proximal stimulation) and then 2.05 2.10 Experiment no. 5, block A. Control recordings without conduction delay. E , proximal electro gram; Ea, distal electrogram; M r , intracellular microelectrode recording with retrograde conduction in the bundle branch; M ( , intracellular microelectrode recording with forward conduction in the bundle branch. The proximal and distal electrograms were obtained with unipolar electrodes and superimposed upon a single recording channel. Only the initial portion of the transmembrane action potential can be seen because of the rapid sweep speed of the oscilloscope. One-and S-msec time marks were superimposed upon the tracings. The numbers correspond to the centimeter ruler which was mounted with the preparation. The microeleclrode recordings were obtained at .5-mm intervals (see Fig. 2 , top). The upper transmembrane action potential and electrograms at each recording position were obtained with retrograde conduction in the bundle branch and the lower recordings at each position were obtained with forward conduction.
Circulation Research, Volume XXlll, December 1968 with retrograde conduction (distal stimulation ). The blocking current was then applied, and the recording was repeated with both forward and retrograde conduction. The four recordings were obtained without moving the microelectrode. This sequence was repeated at each recording position. The amount of conduction delay was determined by measuring the interval between the proximal and distal electrograms. The oscilloscope sweep speed was 1000 mm/sec. At this rapid sweep speed only the initial portion of the transmembrane potential could be photographed. The intact preparation was stained with Lu-gol's solution and photographed at the conclusion of each experiment. This experiment was performed in ten preparations. The delay produced in these experiments was usually on the order of 10 to 15 msec in different preparations. The results were qualitatively similar in all experiments. The recordings in Figures 3 and 4 were obtained from block A of an experiment. The control recordings without conduction delay are displayed in Figure 3 . The upper microelectrode recording at each position was obtained with retrograde conduction in the bundle branch and the lower microelectrode recording with 2.05 2.20
Experiment no. 5, block A. Labels and recording method are the same as in Figure 3 except that the upper microelectrode recording and electrograms at each position were obtained ivith forward conduction in the bundle branch, and the lower recordings at each position were obtained with retrograde conduction. The microeleclrode recordings were obtained in rapid sequence from the same cell at each position as those in Figure 3 . Ten to 12 msec of conduction delay was produced by the blocking current. The block was associated with characteristic changes in the waveform of the intracellular microelectrode recording (see text and Figure 2 , bottom).
forward conduction. Tracings with 10 to 12 msec of delay are seen in Figure 4 . Note that in this figure the upper microelectrode recordings were obtained with forward conduction and the lower recordings with retrograde conduction.
The anatomic portion of the block which faces the oncoming wave of depolarization will be called the leading edge of the block. This is the proximal portion with forward conduction in the bundle branch and the distal portion with retrograde conduction. The opposite portion will be called the trailing edge of the block.
The delay phenomenon was associated with two principal components of the intracellular microelectrode recording. An initial, or leading, deflection was followed by a second, or trailing, deflection. The recording at position 2.05 cm (upper recording, Figure 4 , forward conduction) exhibited a leading deflection with a rapid upstroke velocity and a somewhat decreased voltage. This was followed by a slowly rising trailing deflection of low voltage. The recording at position 2.10 cm revealed a leading deflection of reduced voltage and upstroke velocity. The trailing deflection was more prominent than at position 2.05 cm and the upstroke velocity was somewhat increased. The recordings in the mid region of the block (2.20 cm to 2.25 cm) exhibited leading and trailing deflections nearly equal in voltage with rather slow upstroke velocities. The recordings in the more distal region of the block (2.30 cm to 2.35 cm) revealed leading deflections of low voltage with further reduced upstroke velocity. The trailing deflections were more prominent and exhibited an increased upstroke velocity.
The area of anode effect was prominent in recording positions 2.35 cm and 2.40 cm. Some hyperpolarizing effect was also evident at 2.30 cm.
The leading deflection was always transmitted rapidly through the block, although a progressive delay of several milliseconds in the onset of this deflection was evident as the microelectrode was moved from the leading to the trailing edge of the block. The onset of the trailing deflection was nearly synchronous throughout the block; however, a slight delay could be demonstrated in the leading (proximal) portion of the block. The onset of this deflection was always closely associated with the timing of the distal (trailing) regenerative response. A diagrammatic representation of the waveforms associated with block is shown in Figure 2 (bottom).
Retrograde conduction (distal stimulation) caused a reversal of the sequence of events that occurred with forward conduction. The lower microelectrode recordings in each row of Figure 4 represent retrograde conduction. The recordings at each position were obtained from the same cell with both forward and retrograde conduction. The only change was a reversal in direction of the bundle-branch activation. The microelectrode recordings in the anatomic proximal region of the block exhibited a waveform similar to that which was seen in the anatomic distal region of the block with forward conduction. This region became the functional trailing edge of the block and exhibited a low voltage leading deflection which was followed by a prominent trailing deflection. The recording in the mid portion of the block was similar to that with forward conduction. The waveform in the anatomic distal region of the block was similar to that in the anatomic proximal region of the block with forward conduction. This region became the functional leading edge of the block and exhibited a prominent leading deflection followed by a low-voltage trailing deflection.
Somewhat similar waveform reversal effects have also been noted in the atrioventricular node with retrograde activation (1, 2) .
The recordings from block B of another experiment are shown in Figure 5 . The waveforms of the intracellular microelectrode recordings are qualitatively similar to those in the previous series.
It is obvious that the orientation of the deflections has meaning only in a physiologic sense. Terminology such as proximal and distal, which have anatomic connotation, were therefore avoided in reference to the block. The terms leading and trailing have a physiologic meaning which is maintained regardless of the anatomic direction of activation. The leading deflection originates from the leading portion of the block, and the trailing deflection originates from the trailing portion of the block, as will be emphasized later.
HOMOGENEITY OF THE BLOCK
These experiments were performed to evaluate the uniformity of fiber involvement by the blocking current. Each series consisted of seven to eight sequential microelectrode recordings on a line perpendicular to the long Circulation Research, Volume XXIII, December 1968 axis of the bundle branch. The recording method is illustrated in Figure 6 (bottom). Twenty-three series of recordings were made in nine preparations at various positions in either block A or B. The increment of delay was usually on the order of 8 to 10 msec.
The block was occasionally quite uniform. More often, however, considerable variation in the degree of involvement was evident among the various fibers of the bundle branch. Some fibers were markedly depressed, with intracellular potentials exhibiting very poor deflections; other fibers were much less involved by the blocking current. 
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(top) shows two series of recordings in block A. Rather marked variations in the voltage and waveform were seen in the leading edge of the block (2.00 cm). The fibers at recording points 2 and 8 were the least involved, while points 5, 6, and 7 represented the most depressed portion of the block. Low voltage and absence of a trailing deflection was evident in the latter recordings. A rather prominent leading deflection was seen at point 6. The recordings at 2.10 cm exhibited somewhat greater uniformity; however, variations in the waveform and voltage were evident.
The fibers of the bundle branch are syncytial-like with considerable facility for transverse conduction; however, under normal conditions longitudinal conduction is more rapid than transverse conduction (unpublished data). The fact that nearly adjacent fibers may show marked differences in waveform suggests that the blocking current does not flow uniformly in all of the bundle-branch fibers.
All of the fibers must be involved to some extent or delay of conduction in the bundle branch will not occur. A relatively small number of normally functioning fibers will effectively by-pass the block and maintain a nearly normal conduction velocity to the distal bundle branch (unpublished data). Thus, the amount of delay which is produced will be determined by the least involved fibers. Some fibers may exhibit almost complete depression but may be associated with only partial block of the bundle branch.
Complex waveforms with multiple deflections were sometimes evident, especially when extreme delay was produced by a high current density. This suggested fragmentation of the wave front within the block.
THE TRAILING DEFLECTION
The trailing deflection throughout the block always maintained a close temporal relationship to the regenerative response which occurred at the trailing edge of the block. Variations in the magnitude of delay and the timing of the trailing regenerative response were associated with similar variations in the onset Circulation Research, Volume XXIII, December 1968 of the trailing deflection throughout the block. The onset of the trailing deflection in the leading portion of the block usually followed the trailing regenerative response by several milliseconds. The following experiments were performed to evaluate this observation.
A series of 12 intracellular microelectrode recordings were obtained throughout block A in 11 preparations. The recording positions are indicated in Figure 7 (bottom). Recordings were made at three positions in a transverse direction and repeated at 0.5-mm intervals in a longitudinal direction. A simultaneous transmembrane action potential was recorded in the trailing portion of the block (D in Figure 7 , bottom). The onset time of the trailing deflection was compared with the occurrence of the trailing regenerative response. The recordings were obtained with a rapid oscilloscope sweep velocity (2000 mm/ sec).
The onset of the deflection was difficult to time with accuracy because of the very slow upstroke velocity; however, a delay of 1 to 3 msec was usually apparent in the leading portion of the block. The onset occasionally was simultaneous with the trailing regenerative response. It never preceded the regenerative response. In the mid portion of the block, a similar relationship was usually evident; however, a simultaneous response was often seen. Occasionally the onset of the trailing deflection slightly preceded the regenerative response in the mid portion of the block. The response was usually simultaneous in the trailing, .portion of the block, but the relationship varied with the site of origin (earliest regenerative response) of the trailing deflection
The experiment shown in Figure 7 demonstrated a rather complex situation. The trailing deflection followed the trailing regenerative response at recording points 2, 3, 6, and 12. The trailing deflection at point 1 was very poor. The responses were nearly simultaneous at points 4, 5, 8, 9, and 11. The trailing deflection preceded the regenerative response at points 7 and 10. It is apparent that the fibers in the lower portion of the bundle branch (1, 4, 7, and 10) were less involved by the blocking current, and the earliest regenerative response occurred in a region somewhat distal to recording point 10. The response was then actively transmitted transversely upward toward point D and to recording point 12, accounting for the delay which was still apparent at this position. The trailing deflection appeared to originate from the regenerative response at the trailing edge of the block, and was transmitted back into the blocked area in a retrograde fashion with an apparent slight delay.
Marked delays were occasionally observed in some fibers, for example, in the lower recording of Figure 8 . This suggested that fragmentation of the wave front within the block produced marked delay in the onset of the regenerative response from which the trailing deflection was derived in these fibers.
Complex waveforms were occasionally seen, and this also suggested fragmentation into functionally isolated areas of marked delay within the area of block. An example is illustrated in Figure 9 . The positions from Circulation Research, Volume XXlll, December 1968 which the recordings in Figure 9 (top) were obtained are shown in Figure 9 (bottom).
Recording position Pi, 2 exhibited two trailing deflections. This indicated that two temporally different areas of response with sufficient voltage and upstroke velocity to act as an origin for a trailing deflection had occurred in the vicinity of Pi. 2 -Exploration with a second microelectrode showed the probable origins to be at Di and D 2 . The response at Do was greatly delayed. The recording at P ! t s exhibited three deflections. The first represented depolarization of the area near the positive blocking electrodes (E). This was followed by two deflections. The first deflection originated from the trailing portion of the block, as indicated by the response D 4 , which preceded the distal electrogram. Note that even with a marked delay this deflection maintained a close relationship to the trailing regenerative response. Extensive exploration revealed that the second deflection very likely originated at or near recording position D 5 . Thus, fragmentation within the block resulted in an isolated area of marked delay at D 2 and D 5 . This small area was probably activated in a retrograde or transverse direction through the area of block and existed as an isolated area less affected by the blocking current.
The distal major response has been noted to precede a more proximal response in the atrioventricular node with partial block (3, 4) and in the prematurely stimulated Purkinjepapillary muscle preparation (5, 6) . A constant relationship between the secondary rise of the "Purkinje-ventricular functional fiber" and the delayed ventricular response has been observed by Matsuda et al. (7) .
Discussion
Microelectrode studies of conduction delay have been largely confined to the atrioventricular node (1-3, 8-15 ). In the experimental preparation, a conduction delay occurs which is confined to a small area of the atrioventricular node. It has been suggested that the delay in this area is due to decremental conduction which results from a progressive decrease 764 WENNEMARK, RUESTA, BRODY FIGURE 9 Top: Intracellular potentials with complex waveforms which suggested fragmentation of the block. The recording sites are indicated in diagram below. One-millisecond time marks and a distal electrogram were obtained with each microelectrode recording. The origin of the various deflections was determined by extensive exploration of the block (see text). Bottom: Diagram of the recording positions from which the recordings above were obtained. E, positive blocking electrodes positioned at 2.55 cm in this experiment. The experiment was performed with forward conduction in the bundle branch (proximal stimtdation).
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in the efficacy of the cellular response to act as a stimulus to adjacent areas (1, 9, 13, 16) . This is usually associated with a decreased rise velocity and amplitude of the transmembrane action potential and could be caused by changes in fiber diameter, threshold potential, membrane capacitance, membrane resistance, or a low resting membrane potential (14) . Decremental conduction could result in a decreased conduction velocity or, with more marked involvement, complete block.
The magnitude of delay in the atrioventricular node may be increased under certain abnormal conditions, including the addition of digitalis or acetylcholine to the preparation (8) (9) (10) (11) (12) . This is associated with the appearance of prominent deflections in the intracellular microelectrode recording which are somewhat similar to those observed in the present experiments. However, the situation is considerably more complicated in the atrioventricular node because of the complex structure. Multiple deflections are often seen which suggest considerable asynchrony of regenerative response with fragmentation within the block. Fractionated conduction in the sinus node has been observed in response to premature stimulation (17) . This was associated with low-voltage notched deflections in the intracellular microelectrode recording.
Mendez and Moe (15) observed similar intracellular potentials proximal and distal to the site of delayed premature responses in the atrioventricular node. The deflections were thought to be electrotonic currents flowing between active and inactive portions of the block. The deflection on the repolarization limb of the proximal recording site was assumed to result from depolarizing current arising from the delayed active response distal to the block.
Intracellular microelectrode recordings associated with early re-excitation of incompletely repolarized Purkinje or cardiac muscle fibers (5, 6) also show complex waveforms. The initial foot or pre-potential from which the major response arises was thought to be a graded local response which may spread for Circulation Research, Volume XXIII, December 1968 some distance. The action potential may arise from the graded response at a distant, more excitable site and the spread may be bidirectional.
Surface recordings of blocked nerves show deflections somewhat similar to those which have been described. Hodgkin (18) demonstrated that a transmitted electrotonic potential was capable of increasing excitability distal to a block. This was apparently due to partial depolarization by the transmitted electrotonic potential. A second deflection, which was superimposed upon the initial potential, was thought to be caused by the activity of unblocked nerve fibers.
The nature of the cellular response in the segment of block is not entirely clear. The major deflections seen at the immediate leading and trailing edges of the block may be partial or graded responses associated with active depolarization. However, the deflections recorded in the major portion of the block may not be associated with active depolarization. The observed rapid transmission velocity of these slowly rising potentials would be difficult to explain on the basis of active cellular propagation. A very likely explanation is that they are electrotonic potentials. The decay of the potentials is difficult to evaluate in these experiments because of the constant superimposition of the leading and trailing components. This evaluation would be facilitated by 2:1 block or complete block, which is accompanied by dissociation of the two deflections. Cable transmission is associated with decay of voltage and upstroke veloeity. The observed apparent slight delays in the onset of the deflections are also compatible with electrotonic spread (19) .
Maintenance of a conduction ratio of 1 :1 through the area of block necessitates the existence of an adequate stimulus for the initiation of regenerative depolarization distal to the block. Although direct evidence is not available, the recordings suggest that the leading deflection is the transmitted event which initiates the trailing regenerative response. The magnitude of delay would then Intracellular potential recorded from the trailing portion of block A with a progressive increase in the amount of block. A distal electrogram was simultaneously recorded. Onemillisecond time marks appear in the upper portion of the figure. The amount of conduction delay indicated by the distal electrogram represents the delay caused by block A and block B. Note the progressive decrease in upstroke velocity of the initial or leading deflection associated with increasing conduction delay. be a function of the upstroke velocity of the leading deflection and would be determined by the time required for this deflection to reach the threshold potential to initiate a regenerative response at the trailing edge of the block. Support for this hypothesis would be the demonstration of an inverse relationship between the upstroke velocity of the leading deflection in the trailing portion of the block and the magnitude of delay. Such a relationship is apparent in Figure 10 . However, further investigation is necessary to evaluate this aspect. Complete interruption of transmission would exist if this deflection failed to reach the threshold potential in any of the fibers at the trailing edge of the block. The presence or absence of transmission would be a function of the amplitude of the leading deflection. At a critical level of depression the dissociated leading and trailing deflections are still transmitted even in the presence of functionally complete block. This is apparent in Figure 11 .
These transmitted electrotonic potentials may be related to "Wedensky facilita-tion" (20) in the heart and could produce increased excitability distal to an area of complete block.
The conducted impulse in 2 : 1 block is associated with a greater voltage of the leading deflection than that of the nonconducted impulse (unpublished data).
The multifiber structure of the right bundle branch creates a complex situation. The regenerative response at the trailing edge of the block could be initiated in a small number of fibers. The impulse would then be propagated to the other cells in this region. The response would be initiated in the fibers least involved by the blocking agent. The results of these experiments must therefore be interpreted qualitatively, because it is impossible to know with certainty which fibers initiated the response. Reference to absolute voltage was avoided for this reason.
The hypothesis which has been developed may be summarized as follows. A severe decrement in active, propagating depolarization that developed at the leading edge of the block was associated with a decreased voltage Microelectrode recordings associated with complete block of the right bundle branch produced by post anodal depression. Conduction is forward (proximal stimulation). One hundredmillisecond time marks appear in the upper portion of the figure. The lower recording (P) was obtained from the proximal portion of the block (leading edge). Low voltage intracellular potentials occurred at the stimulated rate of 2/sec. The upper recording (D) revealed dissociated intracellular potentials which occurred at a slower independent rate. Electrotonic potentials were transmitted through the block even though functionally complete interruption of transmission existed. The small deflections in the upper recording (D) were synchronous with the proximal stimulated response and represented transmitted leading deflections which failed to reach the threshold potential voltage to initiate a regenerative response. Dissociated deflections are also superimposed upon the lower recording (P). These electrotonic potentials were synchronous with the distal all-or-nothing response and represented trailing deflections which were transmitted retrograde through the block.
Diagramatic representation of the block mechanism (see text). The light areas at each end of the block (circles) represent portions less involved by the blocking current.
and upstroke velocity of the transmembrane action potential. Active cell-to-cell propagation failed. An electrotonic potential (the leading deflection) became the transmitted event which traversed the area of block and initiated resumption of regenerative depolarization in the less involved cells at the trailing edge of the block. The trailing regenerative depolarization initiated a second electrotonic Circulation Research, Volume XXlll, December 1968 potential (the trailing deflection), which was transmitted retrograde back into the blocked area and was superimposed upon the initial or leading deflection. The magnitude of delay was related to the time required for the leading deflection to reach the threshold potential at the trailing edge of the block. The deflections could all arise within a single fiber.
The delayed resumption of active cellular response distal to the block occurred in the first cells which were capable of regenerative response. These cells were stimulated by the slowly rising transmitted electrotonic potential. This mechanism was localized to the trailing edge of the block. The concept should be differentiated from decreased conduction velocity due to impaired active cell-to-cell propagation throughout an area of block. The present investigation supported the former concept. The mechanism is illustrated diagrammatically in Figure 12 .
Normal cellular propagation appears to be facilitated by electrotonus at the intercalated disc with a considerable safety factor. The ability of an electrotonic potential to excite through an area of depressed activity may be considered as a protective mechanism by which a conduction ratio of 1:1 is maintained. Some delay is incurred from decay of the electrotonic potential.
The electrotonic potential must be present in normal conduction, but is not seen at physiologic conduction velocities. Hodgkin (18) has suggested that activation in nerve occurs with sufficient velocity that the electrotonic potential is not evident. A similar explanation would perhaps be applicable to cardiac fibers. When a block occurs, the potential is "unmasked" and may be seen in the intracellular microelectrode recording.
The factors which determine the magnitude of delay, or the decay of the leading deflection have not been established. Primary consideration may be given to the length of the blocked segment. An increased length would be associated with a greater delay. Inherent in the concept is an absolute spatial limiting factor for the existence of delayed conduction (partial block). This would be some function of the space constant. Severe injury with loss of membrane resistance could shorten the space constant and increase the decay of the electrotonic potential. Change in threshold potential in the trailing portion of the block is undoubtedly an important factor.
In preliminary studies very dilute Lugol's solution was used as the blocking agent. In-tracellular potentials with similar deflections were recorded. Detailed studies could not be done because of the transient nature of the conduction delay. The appearance of the described waveforms has invariably indicated the presence of localized block in the right bundle branch.
The transmitted leading deflection may actually inhibit the upstroke velocity and voltage of the trailing regenerative response in some fibers. This is apparently due to inactivation of sodium carrier. Singer et al. (21) have demonstrated a similar inactivation caused by slow diastolic depolarization of Purkinje fibers.
An observation of some interest was the appearance of fine fibrillations in localized areas of block. Slowly moving wave fronts were often observed superimposed upon the fine fibrillations. The visualization of these areas invariably indicated the presence of marked block. The nature of this phenomenon is not apparent at this time.
